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摘要 
I 
摘  要  
研究目的： 
纳米银的绿色合成是近年来纳米材料研究的热点之一，现有关于纳米银的制
备方法和抗菌性能研究尚缺乏统一标准。单宁酸制备纳米银凝胶是一种简便高效
的方法，但其抗菌性能优劣和能否将其应用于临床治疗，国内外未见相关报道。
本实验采用一种简便高效的方法制备出稳定性好和粒径均匀的单宁酸银凝胶，并
对单宁酸银凝胶进行多种表征分析。在表征单宁酸银相关化学结构性质的基础
上，制备出三组不同数量级别的单宁酸银抗菌凝胶，采用 MTT 法对其进行抗菌
性能测定，优化出抗菌最佳浓度，探讨了单宁酸银凝胶对四种不同细菌的抗菌效
果，深入研究单宁酸银浓度与抗菌效果的量效关系，为单宁酸银凝胶的临床抗菌
应用提供理论依据。 
 
研究方法： 
1、以单宁酸作为还原剂和保护剂合成纳米银制剂。对纳米银银的合成方法
进行实验参数优化：如 pH 和温度等形成条件、反应物摩尔浓度配比； 
2、单宁酸银结构的表征分析：运用紫外可见吸收光谱、X 射线光电子能谱、
核磁共振氢谱和核磁共振碳谱、基质辅助激光解吸电离技术、电喷雾质谱等方法
进行表征分析，推断其配位络合作用和结构性能特征； 
3、从 10-5 到 10-3 不同数量级条件下，合成低、中、高三组不同浓度的单宁
酸银产物，并分别测试三组中稳定性最高的最佳浓度。 
4、所合成的单宁酸纳米银产物具有高效的抗菌能力，采用多孔板-MTT 法
对细菌活性进行抗菌性能测试，得到单宁酸银凝胶对大肠杆菌、金葡菌、白色念
珠菌、绿脓杆菌的抑制率，并研究浓度量效关系，探讨此种合成方法得到的单宁
酸银纳米凝胶的最佳配方比例，及能否作为潜在的烧伤创面治疗用药。 
  
研究结果： 
1、以单宁酸作为还原剂和稳定剂，在合适的实验条件下还原硝酸银绿色合
成单宁酸银纳米凝胶，用 UV-vis、XPS、NMR、ESI、MALDI 对凝胶产物进行
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了表征分析，UV-vis 结果显示单宁酸与银离子的最佳络合比例为 1:20；XPS 结
果显示单宁酸银凝胶中表面的银以离子状态和单质状态两种形式共同存在；
NMR、ESI、MALDI 结果显示单宁酸的酚羟基参与了配位作用，且单宁酸与硝
酸银发生络合作用，形成螯合物。 
2、配制了低、中、高三组不同数量级别的单宁酸银抗菌凝胶，通过紫外可
见光谱对三组进行表征分析以观察每组的最佳稳定浓度，结果为：低、中、高质
量分数的抗菌凝胶最佳浓度分别为 41mg.L-1、245mg.L-1、2095mg.L-1。 
3、对三组抗菌凝胶分别以金黄色葡萄球菌、绿脓杆菌、白色念球菌、大肠
杆菌为供试细菌，进行抗菌性能测试，结果显示：四种细菌对低浓度抗菌凝胶均
最为敏感，说明低浓度组抗菌活性最强。 
研究结论： 
1、建立了一种简便、稳定的纳米银凝胶制备方法，并对其结构进行表征分
析； 
2、单宁酸银抗菌凝胶具有良好的抗菌效果，确定了不同细菌的抗菌最佳浓
度。 
关键词：单宁酸  纳米银  抗菌凝胶 
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Abstract  
Objective： 
The green synthesis of silver nanoparticles have attracted attention among the 
development of nanomaterials, while there exists no uniform standards on their 
preparation and antibacterial study. Among the various options, the synthesis of silver 
nanoparticles using tannic acid is one of the most effective method. Though it’s still a 
question whether the silver nanoparticles can be used in clinical treatment. In this 
study, an gel formulation containing well-shaped silver nanoparticles were prepared, 
and the gel formulation were characterized by several methods to study the chemical 
structure. Then three groups contain different concentrations of antibacterial gel 
formulation were prepared, and MTT assay was used to evaluate the antibacterial 
activities, and further study the mechanism, providing theoretical basis for the clinical 
application of the gel formulation. 
Content： 
1、Using tannic acid as the protective agent and reducing agent, by means of 
adjusting the amount if silver nitrate, the temperature volume and the concentration 
ratio of reactants, well-shaped silver nanoparticles were prepared. 
2、The prepared silver nanoparticles were characterized by UV-vis、XPS、NMR、 
ESI、MALDI.  
3、Three groups contain different concentrations of antibacterial gel formulation 
were prepared and the most stable concentration were tested out. 
4、MTT assay was used to evaluate the antibacterial activities.The results shows 
that the prepared gel formulation has good antibacterial effect to the bacterial.  
Results： 
Using tannic acid as the protective agent and reducing agent to prepare silver 
nanoparticles. The prepared silver nanoparticles were characterized by UV-vis、XPS、
NMR、ESI、MALDI. The results of UV-vis shows that the optimal ratio of tannic acid 
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and silver ions is 1: 20;The results of XPS shows that silver ions and elemental state 
were both exists on the surface of silver nanoparticles;The results of NMR、ESI、
MALDI shows phenolic-OH groups is capable of donating electrons , thus each tannic 
acid molecule is able to chelate with silver ions. Three groups contain different 
concentrations of antibacterial gel formulation were prepared, and the results of 
UV-vis suggests that he most stable concentration in each group is 41mg.L-1、
245mg.L-1、2095mg.L-1.  
  
Conclusion： 
1、Set up a simple and stable way to prepare silver nanoparticles and antibacterial 
gel formulation, the chemical structure was characterized ; 
2、The prepared gel formulation has good antibacterial effect to the bacteria,four 
different kinds of bacteria were examined with MTT essay, and the optimal 
antibacterial concentration was determined. 
Key words：Tannic acid;Silver nanopaticles;antibacterial
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